Nowadays, accumulating medical evidences have shown that neurological complications in neonates can be attributed during fetal life, without any correlation to intrapartum events [1, 2] . Fetal stroke is the entity of brain damage due to cerebrovascular injuries whether ischemia, thrombosis, or hemorrhage in fetuses whose age are between 14 weeks of gestation and the onset of labor [3] . In addition, the condition has been proven as a leading cause of fetal demise and adverse neurological outcomes such as postnatal epilepsy, mental retardation, and cerebral palsy in the majority of cases [3] . For hemorrhagic brain injury, supratentorial hemorrhage is common whereas infratentorial, in particular, cerebellar hemorrhage is a relatively rare phenomenon. The etiologies and associated risks of intracranial hemorrhage are very variable. Underlying feto-maternal risk factors do not necessarily cause fetal stroke.
Fetal thrombotic vasculopathy (FTV) is the placental villous lesion secondary to thrombo-occlusive events of upstream chorionic or stem vessels [4] . The affected downstream villi show involution of villous stromal capillaries with formation of avascular villi [5, 6] . Moreover, placental thrombi can propagate to fetal organs such as brain, liver, and kidney as well as body extremities, leading to tissue infarction following thrombo-embolism [7, 8] . FTV has been reported to be associated with poor fetal and neonatal outcomes such as fetal growth restriction, discordant growth in twins, birth asphyxia, neurological complication, and fetal demise [5, 6] . Fetal or maternal hepercoagulability, maternal diabetes, and umbilical cord obstruction have been identified as underlying disorders in association with FTV [4, 7] .
In this study, we examined a case of cerebellar hemorrhage, a rare clinical presentation of fetal stoke, in a stillborn, 26-week-gestation female fetus, whose placenta were identified as having a vascular thrombosis with 'massive' FTV. During antenatal care, the mother developed pregnancy-induced hypertension and follow-up ultrasonographic studies disclosed severe intrauterine growth restriction (IUGR). The association of cerebellar hemorrhage and FTV is discussed.
Case report
This case was a stillborn female fetus, 26 weeks of gestational age, delivered by a G1P0, 37-year-old woman who had been pregnant by intrauterine insemination (IUI During admission, the patient experienced progressive headache, blurred vision, and epigastric pain. Fetal heart sound was 146/minute with regular rhythm.
The clinical diagnosis was pregnancy-induced hypertension. Fundoscopic findings showed no hypertensive retinopathy. Then, she was treated with oral methyldopa (125 mg), twice a day.
The results of basic laboratory investigation including antiphospholipid profile were within the reference ranges. No proteinuria was detected by urine examination. Fetal ultrasound revealed reverse end diastolic flow of umbilical artery with brain sparing effect. The estimate fetal weight was less than fifth percentile. These findings were compatible with severe IUGR. According to maternal history and clinical findings, the most likely cause of IUGR was maternal hypertension, pregnancy-related. Then, maternal intramuscular dexamethasone injection was started in order to enhance fetal lung maturation. However, due to the extremely low birth weight of the fetus, a poor pregnancy outcome was discussed with the couple. They accepted the prognosis. The patient's symptoms related to hypertension responded well to oral medication. At the gestational age of 26 weeks, the fetal surveillance testing disclosed pulsatile umbilical vein, indicating poor prognosis with a high possibility of death fetus in utero. Emergency cesarean section was done to remove the fetus and placenta. Unfortunately, the fetus was stillborn, weighing 600 g (normal: 739±181 g) and measuring 21 cm of crownrump length (normal; 23.3±1.9 cm) and 28 cm of crown-heel length (normal: 32.2±2.4 cm).
Autopsy showed a female fetus with no congenital anomaly. The brain, weighing 100 g (normal: 98±37 g), showed multiple recent petechial hemorrhages of the cerebellum (Fig. 1) . Both kidneys and adrenal glands showed a few minute foci of extramedullary hematopoiesis. The placenta showed eccentrically inserted, trivessel umbilical cord. There was a large thrombosed vessel on the chorionic (fetal) surface (Fig. 2A, B) . Serial cut sections showed multiple wedge-shaped pale areas with a base at the placental floor involving approximately 40% of the placental mass (Fig. 2C) .
Microscopic examination of the pale areas revealed contiguous groups of avascular villi in different ages, ranging from early stromal karyorrhexis (Fig. 3A) to late stromal hyalinization (Fig. 3B) . Avascular villi were also alternating with preserved placental villi containing patent stromal capillaries. The chorionic membrane revealed decidual vasculopathy characterized by dilated, tortuous spiral arterioles associated with fibrinoid material deposition of the vascular wall with foamy histiocyte infiltrates.
Discussion
Intracranial hemorrhage of fetuses during 14 weeks of gestational age to the onset of labor is one of the conditions of 'fetal stroke' [3] . Despite subclinical in utero, most affected cases are strongly associated with adverse perinatal outcomes, particularly neurodevelopmental handicap, fetal demise and neonatal death [1] . Multiple etiologies have been described including trauma, asphyxia, intrauterine infection, vascular malformation, bleeding tumor, blood dyscrasia, hypercoagulable state, cocaine usage, thrombocytopenia, and platelet dysfunction [3] . Intracranial hemorrhage in utero is rare. Moreover, the incidence of cerebellar hemorrhage is even rarer [9, 10] .
Cerebellar hemorrhage in fetuses is an infrequent phenomenon. The condition is rarely diagnosed prenatally, but magnetic resonance imaging is claimed as an optimal tool for identification [11, 12] . Ghi et al. [10] reviewed cases of antenatally-diagnosed intracranial hemorrhage in their ultrasound unit. Ten out of 109 affected fetuses showed infratentorial hemorrhage. They identified only two cases of cerebellar hemorrhage in a 20-year period, both of which were related to anemia due to Rh alloimmunization. At our King Chulalongkorn Memorial Hospital, no cerebellar hemorrhage in utero proven by autopsy has been reported in the past 10 years. The prognosis of cerebellar hemorrhage depends on the etiology and extension of the bleeding [11] . The complications in fetuses who survived after bleeding episodes include acute bleeding compression, partial or complete loss of cerebellar mass, cystic formation, brain stem changes ranging from atrophic to absent due to previous pressure effect from adjacent hematomas, and sometimes Dandy-Walker malformation-like change, which is characterized by an absence of on vermis and fourth ventricular enlargement [9, 11, 13] . Trauma [14] , post-transfusions [10, 15] , cavernous hemangiomas [9] , congenital cytomegalovirus infection [16] , and transformed ischemic lesions [13, 17] have been reported as causes of fetal cerebellar hemorrhage. Interestingly, hemorrhagic transformation of cerebellar ischemia (two cases documented) was strongly associated with placental thrombosis and insufficiency [13, 17] .
FTV has been proven to be associated with various feto-maternal circulatory disturbances, particularly hypercoagulable state and umbilical cord abnormalities [5, 6] . The condition is related to poor pregnancy outcome, comprising IUGR, discordant growth in twins, birth asphyxia, and fetal loss. Microscopic features include villous stromal karyorrhexis and involution of villous vessels forming avascular villi reflecting early and late changes, respectively, regardless of stem vessel thrombosis, which can be demonstrated in one third of those cases [5, 6] . Massive FTV is documented when the lesion involves at least 25% of the whole placental mass suggested by Armed Forces Institute of Pathology manual [4] . In 1999, Krauss and Acheen [7] reported the association of placental thrombosis with FTV and thromboembolic phenomenon in fetal organs in 16 cases during 3-year period. Three cases showed cerebral thrombosis or infarction. FTV also complicates various degrees of neurological impairment in liveborn neonates, either preterm or term, in several studies [5, 6, 8] . In this report, the most likely etiology of cerebellar hemorrhage was stress-induced. FTV was massive enough to contribute placental vascular resistant, compatible with an ultrasonographic finding of reverse end diastolic flow of umbilical artery, leading to chronic uteroplacental insufficiency and severe IUGR [4, 18] . However, the brain-sparing effect detected in early gestation indicates the capacity of fetal auto-regulation [18] . The mechanism protects fetus during stress exposure by increased cerebral blood flow. Two weeks later, follow-up ultrasonogram showed pulsatile umbilical vein. This poor prognostic finding reflects that the fetus was not able to tolerate the stressful environment related to auto-regulation breakdown [18, 19] . In this situation, sudden changes in intracranial blood pressure can cause acute bleeding of the brain parenchyma [19] [20] [21] . The immature external granular layer of the cerebellar cortex and vascular bed may play as coexisting risk factors in this hemorrhage [21] . There has been no evidence supporting the direct association between FTV and pregnancy-induced hypertension. However, vascular thrombosis is a shared pathologic finding in both conditions [4, 6] . In this case, since thrombosis was demonstrated in both maternal (decidual vasculopathy with thrombosis) and fetal sites (chorionic vessel thrombosis with FTV), additional investigations should be done to search for the underlying feto-maternal thrombophilic disorders.
In conclusion, this rare case of stillborn, 26-week of gestational age, female fetus with cerebellar hemorrhage in association with massive FTV demonstrates the benefit of placental examination in fetal and perinatal autopsy. The findings provide necessary information to explain the appropriate mode and mechanism of death and probably use as data for counseling the mother in preparation of next pregnancies.
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